Abstract: Hypertensive crises in children are medical emergencies that must be identified, evaluated, and treated promptly and appropriately to prevent end-organ injury and even death. Treatment in the acute setting typically includes continuous intravenous antihypertensive medications with monitoring in the intensive care unit setting. Medications commonly used to treat severe hypertension have been poorly studied in children. Dosing guidelines are available, although few pediatric-specific trials have been conducted to facilitate evidence-based therapy. Regardless of what medication is used, blood pressure should be lowered gradually to allow for accommodation of autoregulatory mechanisms and to prevent cerebral ischemia. Determining the underlying cause of the blood pressure elevation may be helpful in guiding therapy.
Introduction
Hypertension in children and adolescents is defined as systolic and/or diastolic blood pressure (BP) equal to or exceeding the 95th percentile for age, sex, and height on repeated measurements. 1 In those with confirmed hypertension, BP is further staged based on severity. Stage 1 hypertension is systolic and/or diastolic BP between the 95th percentile and the 99th percentile +5 mmHg for age, sex, and height; stage 2 hypertension refers to levels exceeding the 99th percentile +5 mmHg. Table 1 describes the full classification schema for childhood BP as detailed in the Fourth Report of the National High Blood Pressure Education Program (NHBPEP). 1 Hypertensive crisis is broadly defined as a severe elevation in BP that is life threatening and has the potential to cause rapid end-organ damage. Hypertensive crises can be further categorized as hypertensive urgencies and hypertensive emergencies. Hypertensive urgency is generally understood to be a severe, often acute, elevation in BP without demonstrable end-organ damage, while hypertensive emergency is a similar elevation in BP with concomitant end-organ damage. In adults, BP exceeding 180/120 mmHg fulfills criteria for hypertensive crisis; 2 however, there is no analogous discrete BP cutoff for children and adolescents. This is not unexpected given the variability of normative absolute BP values in the pediatric population based on age, sex, and height.
It is, however, somewhat surprising that there is not greater consensus about what BP percentiles would raise concern for impending hypertensive crisis in children and adolescents. The NHBPEP Fourth Task Force Report does not comment in detail about a specific threshold for risk of hypertensive crisis, although it does provide a vague statement regarding "blood pressures well above the 99th percentile". 1 Other authors advocate for a more defined threshold, typically those BP values that exceed the limit for stage 2 hypertension (Table 1) . 3, 4 Regardless of the threshold used, accurate measurement of BP is important in identifying all children with hypertension and is critical for those with severe hypertension with the potential for end-organ damage. While the gold standard for BP measurement is intra-arterial monitoring, this is not feasible in the outpatient and emergency department setting. Oscillometric monitoring is the most common screening method, although elevated readings obtained using this modality require confirmation by manual auscultation. The BP cuff should have 1) an inflatable bladder width that is a minimum of 40% of the arm circumference at the midpoint of the upper arm and 2) a length that is 80%-100% of the arm circumference. Incorrect cuff size can lead to erroneous BP readings, particularly when the cuff used is inappropriately small.
A high level of awareness on the part of the practitioner is also required. Studies have consistently shown that elevated BP is underrecognized in the pediatric population. [5] [6] [7] Appropriate interpretation of BP values is obviously paramount, particularly in young children in whom signification elevations in BP are less obvious. BP measurements that meet criteria for stage 2 hypertension require prompt investigation, although there is considerable practice variability regarding criteria for admission to the hospital, pace of evaluation, and manner in which antihypertensive medications are introduced.
Etiology
Historically, hypertension in childhood and adolescence was thought to result largely from some other underlying disease process, typically involving the renal, cardiovascular, or endocrine system (Table 2) . More recently, primary hypertension has become much more prevalent in the pediatric population, particularly in older children. The ongoing obesity epidemic is almost certainly responsible for this evolving trend. 8, 9 In the case of hypertensive crises, most authors agree that secondary causes are most frequently to blame. 3, 10, 11 There are older case series that support this assertion. In a series of 110 patients admitted with severely elevated BP from 1975 to 1985, Deal et al 12 reported that at least 89% had a secondary etiology identified, with renal causes being by 
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Hypertensive crisis in children far the most common. 12 There is emerging evidence, albeit limited, that primary hypertension may be playing a larger role than previously thought. In a retrospective analysis of 55 children presenting to an emergency department with hypertensive crisis, Yang et al 4 reported that approximately half the number were ultimately thought to have primary hypertension. That being said, .70% of younger children (,12 years of age) with elevated BP were found to have an underlying cause, with renal disease being the most prevalent. 4 It should be noted that a majority of patients included in this review (46/55) presented with hypertensive urgency rather than hypertensive emergency. The authors did not provide details regarding secondary vs primary causes for those two subgroups, although two of the five who presented with hypertensive encephalopathy were not found to have an underlying etiology for their hypertension.
Clinical presentation
Children with severe hypertension may present in a number of forms, ranging from entirely asymptomatic to severely disabled. Some of the variations in terms of presentation may be related to age (Table 3 ). For example, infants and young children tend to present with nonspecific findings such as irritability, poor feeding, or failure to thrive. There is also some evidence that younger children (#6 years) are more likely than older children to present with change of consciousness or seizure activity. 13 Older children who are able to communicate their symptoms may report headache, acute visual changes, dizziness, chest discomfort, or nausea and vomiting. Although uncommon, orthopnea, shortness of breath, and edema may suggest concomitant heart or renal failure.
Complications associated with hypertensive crises are typically related to the cardiac, renal, and central nervous systems. According to definition, all children with hypertensive emergency exhibit overt evidence of end-organ damage. In the setting of hypertensive urgency, subclinical end-organ damage, such as left ventricular hypertrophy, hypertensive retinopathy, or microalbuminuria, may be present.
Evaluation
Clinical assessment of any child with hypertensive crisis must include a detailed history and physical examination. Risk factors for hypertension should be assessed and noted, as these may lead to clues regarding the etiology of the hypertension and thus affect therapeutic choices. History should include recent events, such as medication changes or exposures to toxins including ingestion of medications or nonmedical compounds, as well as more remote elements, such as perinatal events including premature birth or umbilical artery catheterization. A history of urinary tract infections or frequent febrile illnesses as a young child raises the possibility of renal scarring or reflux nephropathy. In adolescent girls, possible pregnancy must be considered. Episodes of flushing, pallor, diaphoresis, and palpitations may suggest an underlying endocrine or metabolic disorder.
A thorough physical examination with careful attention not only to possible clues as to the underlying etiology of the BP elevation but also to findings that may be indicative of end-organ damage and/or comorbid conditions is mandated (Table 4) . Similar goals hold true for laboratory testing and diagnostic imaging. The typical approach to the child with confirmed hypertension tends to be measured: initially, screening studies are performed (complete blood count, electrolytes, blood urea nitrogen, serum creatinine, urinalysis, and renal ultrasonography), with subsequent completion of additional studies as indicated based on the clinical situation. However, the higher degree of acuity in those who present with hypertensive crisis typically demands a more expansive approach to initial testing in an effort to elucidate the cause of hypertension as well as identify end-organ damage in an expeditious manner (Table 5 ). Although results from such studies are expected to help inform eventual therapeutic options to control BP over the long term, initiation of antihypertensive medications should never be delayed in deference to testing in the setting of hypertensive crisis.
Treatment in the emergency setting
The NHBPEP Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents outlines recommendations to lower the BP to 1) less than the 95th percentile in children with hypertension and no end-organ damage and 2) less than the 90th percentile in children with end-organ damage, secondary hypertension, and/or comorbid conditions such as underlying renal disease, heart disease, or diabetes. 1 In those with hypertensive crisis, the BP should be lowered in a gradual manner in an effort to reach the goal pressure over a period of days rather than hours. In patients with chronic hypertension, cerebral autoregulatory mechanisms adapt to protect the brain from ischemia. In this setting, children cannot adapt to a rapid decline in BP, and hence a rapid lowering of BP can lead to cerebral ischemia and transient or permanent neurologic dysfunction due to decreased cerebral perfusion. Similar effects may be seen in the kidney as well. In a retrospective review of children who presented with hypertensive emergency between 1975 and 1985, Deal et al 12 reported that complications of therapy were much more likely during an era when the goal was rapid reduction in BP (23%) vs one when the goal was more gradual correction (4%). Complications cited included transient visual loss, transient acute renal failure, permanent visual loss, and transverse ischemic myelopathy. 12 A reasonable approach to BP reduction in children with severely elevated BP has been described by Flynn and Tullus, 3 who recommend that the BP be reduced by 25% of the planned reduction over the first 8-12 hours, a further 25% over the next 8-12 hours, and the final 50% over the following 24 hours. Our own experience is that it is often difficult to reach the goal BP reduction in the first 48 hours of treatment, particularly in those with secondary hypertension, and that augmented therapy may be required over additional days to achieve adequate BP control.
All patients with hypertensive crisis require intravenous (IV) access for administration of antihypertensive medication and provision of fluids and other medications as needed. 
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Hypertensive crisis in children of action, and can be titrated rapidly to achieve the desired effect. In some settings, particularly when IV access is difficult or with less severe elevations in BP, oral medications may be used.
Antihypertensive medications used in children with hypertensive crisis are listed in Table 6 . It should be noted that few of these medications have been studied adequately in the pediatric population and thus safety and efficacy data to guide dosing are limited. Of those medications listed, only hydralazine (oral and IV), fenoldopam, sodium nitroprusside, and minoxidil have pediatric labeling approved by the United States Food and Drug Administration (FDA).
Medications
As previously mentioned, the preferred approach to the initial management of hypertensive crises is the use of IV medications; 
Oral medications
Nifedipine is a dihydropyridine calcium channel blocker (CCB) that produces a reduction in BP primarily through peripheral vasodilation, although a negative inotropic effect plays a role as well. There is a limited body of published literature regarding the use of immediate-acting nifedipine in the pediatric population, although older studies do suggest some utility in the treatment of hypertensive crisis. [14] [15] [16] [17] More recently, however, the use of nifedipine in this setting has been avoided as it has been associated with precipitous drops in BP and an increased risk for myocardial infarction, stroke, and death in the adult population. 18 In children, nifedipine has also been shown to produce a robust drop in BP. In a retrospective review of 520 nifedipine doses in 117 patients, Blaszak et al 19 reported that 35% were associated with $25% reduction in mean arterial pressure (MAP). In addition, Egger et al 20 reviewed 1,746 doses of oral nifedipine in 166 pediatric patients and reported mean reductions in systolic and diastolic BP of 28% and 43%, respectively, within 6 hours of medication administration. Although the complication rate in both studies was low, it is notable that the reported decrease in BP frequently exceeded the recommended rate of gradual BP reduction in children with hypertensive crisis discussed previously. Furthermore, use of immediate-acting nifedipine in young children requires the contents of the capsule to be drawn into a syringe and a measured dose to be administered orally, a process that is likely to increase the likelihood of dosing error. Given the availability of safer alternatives, many experts have advocated abandoning the use of immediateacting nifedipine in children with hypertensive crisis. 21, 22 Hydralazine and minoxidil lower the BP by relaxing the arteriolar smooth muscle, with a resultant decrease in peripheral vascular resistance. Although FDA-approved pediatric labeling exists to guide hydralazine dosing, there are notably few safety or efficacy data guiding its use in childhood. In our own experience, there is little role for oral hydralazine in the management of pediatric hypertensive crises as it is less effective and poorly studied, though bolus IV dosing (discussed later in the "IV medications" section) remains an option and its use continues to be widespread. Several single-center case series have been published describing the use of minoxidil in children, suggesting efficacy in the treatment of severe childhood hypertension, particular in those children with acute BP elevation in the setting of chronic hypertension and those with hypertension refractory to other medications. [23] [24] [25] [26] Clonidine inhibits central sympathetic outflow, resulting in decreased peripheral vascular resistance. Published reports regarding use in pediatrics are sparse and limited to oral or transdermal administration in adolescents with chronic hypertension. 27, 28 Others have reported good results with clonidine administration in the hemodialysis patient with acute BP elevation due to the fact that it is minimally dialyzed and requires no dose adjustment in the setting of renal failure. 3 We have also found clonidine particularly useful in the intensive care setting to control catecholamineinduced symptoms, including hypertension, associated with withdrawal of sedation as well as in those with neurologically medicated hypertension and recent traumatic brain injury.
Isradipine is a second-generation dihydropyridine CCB, which, similar to nifedipine, reduces BP primarily through a decrease in systemic vascular resistance. A number of single-center case series have been published evaluating isradipine use in hospitalized children with acutely elevated BP. [29] [30] [31] [32] In these studies, isradipine consistently was shown to be effective in reducing systolic and diastolic BP with a low rate of adverse events. A stable extemporaneous solution can be compounded, facilitating reliable dosing in infants and young children. On the basis of these factors, isradipine has emerged as the oral antihypertensive medication of choice for use in pediatric hypertensive crises by some providers, 3 including the authors of this review.
Iv medications
Hypertensive crises in children are most often treated using IV antihypertensive medications. Some of these agents may be administered by intermittent bolus dosing and others by continuous infusion. In general, it is our preference to use the latter in cases of hypertensive emergencies due to the ability to titrate the dose quickly and reduce the BP in a controlled, gradual manner. Bolus dosing, however, may be appropriate in cases of less severe BP elevation and in the absence of overt end-organ damage.
Historically, IV hydralazine has almost certainly been used more than any other agent in the treatment of children with acutely elevated BP, though there are few data to back this assertion. There is also paucity of data with respect to efficacy and safety of its use in the pediatric population. That being said, results from two recent single-center retrospective 
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Hypertensive crisis in children studies evaluating the efficacy and safety of IV hydralazine in hospitalized children are now available. In 110 hospitalized children, Ostrye et al 33 reported a median reduction in systolic and diastolic BP of 8.5% and 11.5%, respectively. Of some concern, 21% of patients studied achieved a BP reduction exceeding 25% and an increase in BP was observed in 30% of the patients. A low rate of adverse effects (9%) was observed. 33 Recent data were additionally published in abstract form by Flynn et al, 34 who analyzed 141 first doses of hydralazine in hospitalized children. An average reduction in MAP of 19% was observed and a clinical response, defined as 10%-25% reduction in MAP, was demonstrated in 47% of patients. Similar to the aforementioned results by Ostrye et al, 33 a substantial number of patients (31%) demonstrated a potentially excessive BP drop, defined as .25% MAP reduction. 34 Labetalol is a combined α 1 -and β-adrenergic blocking agent that is available in oral and IV formulations. The ratio of α-to β-blockade differs depending on the route of administration, with a relative potency of 1:3 or 1:7, respectively, when given through the oral or IV route. In the setting of hypertensive crises, IV delivery is preferred due to the rapid onset of action (2-5 minutes). When administered by the IV route, labetalol may be given via intermittent bolus dosing or via continuous infusion, the latter of which is generally used in the setting of more severe BP elevation. There are limited studies evaluating the use of labetalol in hypertensive children, although single-center case series suggest effective BP reduction. 12, 35, 36 Thomas et al 36 reported a risk for the development of hypotension when used in infants and young children (#24 months) with hypertensive crisis and concomitant ischemic or traumatic brain injury.
Nicardipine is the first dihydropyridine CCB compatible with IV delivery and may be administered by bolus dosing, although continuous infusion is more typically used in children. A number of single-center case series evaluating the use of nicardipine in children with severely elevated BP in a variety of disease states and age groups, including hypertensive premature infants, have been published. [37] [38] [39] [40] [41] [42] [43] All of these reports found nicardipine to be effective in reducing BP with a low rate of adverse effects, although cases of thrombophlebitis were reported across several of the studies. In this setting, it is recommended that nicardipine be administered through a central line. If delivered through a peripheral vein, irritation may be minimized by changing the site of infusion every 12 hours.
Esmolol is an ultra-short-acting cardioselective β 1 -adrenoreceptor antagonist that is typically administered as a bolus dose followed by continuous infusion. Unlike other medications described thus far, the pharmacodynamics and pharmacokinetics of esmolol have been well characterized in children and found to be similar to those in older patients, although drug elimination has been shown to be more rapid in younger age groups. [44] [45] [46] In case reports and small series, esmolol has been found to be safe and effective in hypertensive children, particularly in those with elevated BP in the postoperative period following cardiac surgery. [47] [48] [49] In addition, a more recent multicenter double-blind randomized trial showed that esmolol was safe and effective in reducing BP at low (125 μg/kg), medium (250 μg/kg), and high (500 μg/kg) doses in infants and young children following repaired coarctation of the aorta, although no dose response was demonstrated. 46 Sodium nitroprusside is a short-acting direct vasodilator that is administered by continuous infusion. It is rapidly metabolized to nitric oxide, which results in preload and afterload reduction via dilation of arteriolar and venous smooth muscle cells. Although there is long-standing experience utilizing sodium nitroprusside in children with hypertensive crisis, studies evaluating efficacy and safety are notably lacking. Older case studies and series suggest rapid response with improved BP and a low incidence of complications. 50, 51 Extended use and use with concomitant renal or liver dysfunction is generally avoided due to the risk for toxic metabolite accumulation, particularly cyanide and thiocyanate. Encouragingly, recent studies have evaluated nitroprusside use in children in a more rigorous manner. In a randomized, double-blind withdrawal to placebo study, Hammer et al 52 demonstrated that sodium nitroprusside was efficacious in controlling BP in a majority of subjects and was superior to placebo following a 12-hour infusion. Of concern, a significant number of subjects exhibited elevated cyanide levels, although none showed overt evidence of toxicity.
Fenoldopam is a selective postsynaptic dopamine D 1 -like receptor agonist that reduces BP by decreasing peripheral vasculature resistance and increasing renal blood flow and natriuresis. It is administered by continuous IV infusion. Adult studies have found fenoldopam to have efficacy comparable to that of sodium nitroprusside in reducing BP in the setting of hypertensive crisis. 53, 54 Studies evaluating the use of fenoldopam in hypertensive children are lacking. Hammer et al 55 conducted a randomized, multicenter, placebo-controlled dose-ranging study in 77 pediatric patients requiring deliberate intraoperative hypotension. They found fenoldopam to be safe and effective in reducing BP in this population with similar pharmokinetic and side effect profiles Stein and Ferguson as those reported in adults; however, the effective dose range was significantly higher in children than in adults.
Enalaprilat is the only FDA-approved angiotensinconverting enzyme (ACE) inhibitor available in IV form. Enalaprilat is delivered by intermittent IV dosing and produces its antihypertensive effect primarily through vasodilation and decreased peripheral vascular resistance. The safety and efficacy of enalaprilat for BP control in children have not been rigorously studied, although case studies and series have been published to suggest good antihypertensive effect in a variety of ages, ranging from infancy to adulthood. [56] [57] [58] [59] Given evidence of more profound BP reduction in those with renin-mediated hypertension, particular caution is advised in pediatric patients who have a higher risk of renal vascular hypertension and renal parenchymal disease. Additionally, those with bilateral renal artery stenosis are at risk for acute renal injury if ACE inhibitors are used, and thus this class of medications may be contraindicated in such cases. In the case of unilateral renal artery stenosis, ACE inhibitor therapy may result in a profound reduction in BP and thus close monitoring and small dose adjustments are required.
Clevidipine is a newer calcium channel antagonist that acts selectively on arteriolar resistance vessels, with little effect on the venous capacitance bed. Similar to nicardipine, it is administered by continuous IV infusion, though with a much shorter duration of action as it is rapidly hydrolyzed to inactive metabolites by blood and tissue esterases. 60, 61 Clevidipine has been well studied in the adult population, particularly in those requiring BP reduction during surgical procedures. Recent case studies and series suggest that clevidipine is also effective in controlling perioperative BP in children with a number of conditions, including renal failure, pheochromocytoma, and congenital heart disease. [62] [63] [64] [65] In addition, a recently completed trial found that clevidipine is safe and effective in children requiring controlled hypotension during posterior spinal fusion surgery. 66 Given this early experience, there is optimism that clevidipine may prove useful in the treatment of children with hypertensive crisis, although further study is required to establish efficacy, safety, and dosing recommendations in this setting.
Approach to management
The initial goal in the management of the child who presents with hypertensive crisis is stabilization and the gradual reduction of BP in a controlled manner. In our experience, this is best accomplished in the intensive care unit setting using a continuous infusion of one of the aforementioned IV antihypertensive agents, although oral agents may be considered in less severe cases. Selection of an initial medication is often based on provider preference rather than a physiologic advantage of the medication in question. In our opinion, labetalol or nicardipine both represent reasonable first-line therapies, although esmolol or sodium nitroprusside may be considered in special circumstances such as acute intraoperative BP elevation. Once initiated, the infusion should be carefully titrated to the desired effect.
Once the BP has been reduced to an acceptable level, transition to an appropriate oral medication for chronic BP control should be initiated. When selecting an agent, one should aim to maximize the antihypertensive potential while simultaneously minimizing the likelihood of side effects. If possible, utilizing a medication that targets the pathophysiologic process that mediates the BP elevation or that has putative benefits in the setting of comorbid conditions is preferred. A detailed discussion related to the rational selection of antihypertensive medications in children has been provided elsewhere; however, preferred agents in specific clinical situations are provided in Table 7 .
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Conclusion
Hypertensive crises are medical emergencies that require thorough evaluation and prompt meticulous management. IV antihypertensive medications are typically used in the acute setting to allow for judicious titration and gradual BP reduction. Following stabilization, transition to oral therapy for long-term BP control is undertaken. Identification of an underlying cause for the BP elevation may guide therapeutic choices.
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